Oxygen-mediated regulation of gelatinase and tissue inhibitor of metalloproteinases-1 expression by invasive cells.
The relative expression of matrix metalloproteinases (MMPs) and tissue inhibitors of MMPs (TIMPs) is an important determinant in trophoblast invasion of the uterus and tumor invasion and metastasis. Our previous studies have shown that low oxygen levels increase the in vitro invasiveness of trophoblast and tumor cells. The present study examined whether changes in oxygen levels affect TIMP and MMP expression by cultured trophoblast and breast cancer cells. Reverse zymographic analysis demonstrated reduced TIMP-1 protein secretion by HTR-8/SVneo trophoblast cells as well as MDA-MB-231 and MCF-7 breast carcinoma cells cultured in 1% vs 20% oxygen for 24 h. While gelatin zymography revealed no changes in the levels of MMP-9 secreted by HTR-8/SVneo trophoblasts cultured under various oxygen concentrations for 24 h, human MDA-MB-231 breast carcinoma cells displayed increased MMP-9 secretion and human MCF-7 breast cancer cells exhibited reduced secretion of this enzyme when cultured under similar conditions. In contrast, MMP-2 levels remained unchanged in all cultures incubated under similar conditions. Western blot analysis of MMP-9 protein in cell extracts confirmed the results of zymography. To assess the contribution of enhanced MMP activity to hypoxia-induced invasion, the effect of an MMP inhibitor (llomastat) on the ability of MDA-MB-231 cells to penetrate reconstituted extracellular matrix (Matrigel) was examined. Results showed that MMP inhibition significantly decreased the hypoxic upregulation of invasion by these cells. These findings indicate that the increased cellular invasiveness observed under reduced oxygen conditions may be due in part to a shift in the balance between MMPs and their inhibitors favoring increased MMP activity.